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$Re \equiv\frac{(\gamma+1)c_{0}a}{\delta}\gg 1$ (3)
( $\gamma$ : , $\delta$ : ) [2]
$2\pi k^{-1}$ $R^{*}$
$M=O(1)$ , $Re\gg 1$ , $R \equiv\frac{kR^{*}}{2\pi}=O(1)$ (4)
2.
$x^{*}=0$ $R^{*}$ $x^{*}$




$t=\omega t^{*}$ , $x=kx^{*}$ , $r=kr^{*}$ , $u= \frac{u^{*}}{c_{0}}$ $v= \frac{v^{*}}{c_{0}}$ $\rho=\frac{\rho^{*}}{\rho 0}$ $p= \frac{p^{*}}{\rho_{0}c_{0}^{2}}$ (5)
$r^{*}$ $x^{*}$ $u^{*}$ $v^{*}$ $x^{*}$ $r^{*}$ $\rho^{*}$
$p^{*}$ $0$
$x$ $x$ r $t$
( ) :
$\frac{\partial\rho}{\partial t}+\frac{\partial(\rho u)}{\partial x}+\frac{\partial(\rho v)}{\partial r}+\frac{\rho v}{r}=0$ (6)
$\frac{\partial(\rho u)}{\partial t}+\frac{\partial(p+\rho u^{2})}{\partial x}+\frac{\partial(\rho uv)}{\partial r}+\frac{\rho uv}{r}=0$ (7)
$\frac{\partial(\rho v)}{\partial t}+\frac{\partial(\rho uv)}{\partial x}+\frac{\partial(p+\rho v^{2})}{\partial r}+\frac{\rho v^{2}}{r}=0$ (8)




$t=0$ $u=v=0$, $\rho=1$ , $p= \frac{1}{\gamma}$ (10)
$x=M(\cos t-1)$ (11)
$u=\{\begin{array}{l}-Msint(x=M(cost-1)\theta\backslash \prime\supset 0\leq r<2\pi R\text{ })0(x=0p_{\backslash }-\supset 2\pi R<r\#^{\vee}\cdot k^{\backslash }\ovalbox{\tt\small REJECT}\backslash T)\end{array}$ (12)




[4] 4 Osher $[5,6]$
3.
( - )
2 $(Marrow 0, Re\gg 1)$
( ) :
$\frac{p^{*}-p_{0}}{M\rho_{0^{C_{0}^{2}}}}=-\frac{1}{2\pi}\int_{0}^{2\pi R}\sigma d\sigma\int_{0}^{2\pi}H(t-\eta)\frac{\cos(t-\eta)}{\eta}d\psi$ (14)
$\eta=\sqrt{x^{2}+r^{2}+\sigma^{2}-2r\sigma\cos\psi}$ (15)















[4]($M=O(1),$ $Re\gg 1,$ $Rarrow\infty$ )
A.
4 $M=0.1$ $R=1$ $R=3$ $t=12\pi$ [ 4
$(a)(c)]$ [ 4 $(b)(d)$ ] 3(a)(b)
4 $(b)(d)$
[ 2 $(a)$ 3 $(a)$ ]
$R=1_{\backslash }$ $x$ [4]











$u_{s}(t, x, r)= \frac{1}{2\pi}\int_{t-2\pi}^{t}\rho udt$ , $v_{s}(t, x, r)= \frac{1}{2\pi}\int_{t-2\pi}^{t}\rho vdt$ (16)
$(Marrow 0)$
$(M\ll 1)$ $O(M^{2})$
Eckart [8] $Re\ll 1$ $R\gg 1$
5 $M=0.3$ $R=2$ $v_{s}$ $|v_{s}|$
0.01
$(x, r)\cong(2\pi, 2\pi R)$
( ) $M=03,$ $R=2$
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